Nocturnal petal movements were recorded from 48 genera and 106 species growing in cultivation at the Royal Botanic Gardens, Kew and in the wild in Canada, Great Britain, France, Italy, Greece, Canary Islands and South Africa. Seven different night positions of petals, as distinct from day positions, are recognized and discussed.
IN T R O D U C T IO N
O n e o f the great diffe ren ces b e tw e e n p la n ts a n d a n im a ls is th a t a n im a ls are m o stly m o b ile , w hereas p la n ts are essentially static org an ism s. W h e n p la n ts d o m o v e , th e m o v e m e n ts are u su a lly restricted to a p a r tic u la r o rg a n o r g r o u p o f o rg a n s. S u c h m o v e m e n ts are u su a lly su b tle a n d slow , o r r a p id a n d u n e x p e c te d . It is these tw o q u a litie s o f p la n t m o v e m e n ts th a t hav e fascin a te d n a tu ralists fo r h u n d re d s o f years a n d , as this p a p e r is e v id e n c e , c o n tin u e to d o so to d a y .
A lt h o u g h the study o f flo w e r m o v e m e n ts , o r a n th o k in e tic s , as som e p re fe r to ca ll it ( G o ld s m it h & H a fe n r ic h te r , 1932), has b e e n ca rrie d o u t by a m a te u r n atu ralists a n d pro fe ssion als a lik e , little a tte n tio n has b e e n g iv en to the p h y lo g e n e tic sig nifican ce o f such m o v e m e n ts . S u c h studies have e sta b lish e d th e v a r ia b ility a n d fre q u e n c y o f m o v e m e n ts o f flow ers a n d flo w e r p arts, b u t have scarcely c o n sid e re d th e ir e c o lo g ic al im p o r ta n c e o r th e ir e v o lu tio n a r y a n d a d a p tiv e sig nifican ce . S u ch ideas w ere very far fr o m m y m in d w h e n I m a d e m y first o b se rv atio n s o n p e ta l m o v e m e n ts in the A ste ra c e a e . T h e earliest o b se rv a tio n s w ere m e re ly v isu al im p re ssio n s, b u t ones w h ic h g ra d u a lly coalesced in to d isce rn ib le p h e n o m e n a . It b e c a m e clear to m e th a t the asteraceous c a p itu lu m is a c o m p le x structure w ith m a n y in te ra c tin g fu n c tio n s a n d th a t a cursory in s p e c tio n o f an y single c o m p o n e n t is fra u g h t w ith p itfa lls if g e n e ra liza tio n s are to be d ra w n fr o m d a ta g a th e re d a b o u t th e m .
T his can be seen very cle arly in the w o rk o f L e p p ik (1977) . A c c o r d in g to L e p p ik the m o st a ttractiv e flo ra l p atte rn s a n d sp e c ialize d p o llin a tio n m e c h a n ism s in the A ste ra c e a e hav e co-evolved w ith th e sensory d e v e lo p m e n t o f th e ir p o llin a to r s . H o w e v e r , as B u r tt (1975, 1977) has so cle arly n o te d , the structure o f th e c a p itu lu m has to m e e t th e * Botanical Research Institute, Department of Agriculture, Private Bag X101, Pretoria 0001, South Africa. Present address: The Herbarium, Royal Botanic Gardens, Kew, Richmond TW9 3A E , England. d e m a n d s o f b o th the flo w e rin g a n d th e fr u itin g phases, a n d n o t, as L e p p ik (1977) suggests, the flo w e rin g state o n ly .
It seem s clear th a t if w e are to u n d e r s ta n d the a d a p tiv e sig nifican ce o f structures a n d th e ir fu n c tio n s , w e n e e d to v ie w the flo w e r a n d inflorescence/infructescence as e v o lu tio n a r y co m p ro m is e s b e tw e e n in h e re n t ge ne tic co n strain ts a n d those co nstraints ac tin g fr o m o u ts id e the p la n t (P o lh ill, R a v e n & S tir to n , 1981). T his requ ires a closer lo o k at the c o m p le x re la tio n sh ip s th a t o c cu r b e tw e e n c o m p o n e n t parts, h o w these ch a n g e in p o s itio n a n d fu n c tio n d u r in g th e ir d iffe re n t d e v e lo p m e n ta l stages a n d h o w d u r in g such d e v e lo p m e n t they m a y c o m b in e in d iffe re n t sequences.
T he stu dy o f flo ra l m o v e m e n ts in the A ste ra c e a e has a lre a d y p r o v id e d fa sc in a tin g in f o r m a tio n , fo r e x a m p le , irrita b ility o f th e p o lle n -p re se n tatio n m e c h a n is m ( S m a l l , 1 9 1 9 ) , a n d i n v o l u c r a l m o v e m e n ts ( B u r tt, 1977) . T he prese nt study c o n tin u e s in this tr a d itio n a n d , a lth o u g h a long-term study is n e e d e d b e fo re g e n e ra liza tio n s can be d ra w n o f the type discussed a b o v e , e n o u g h d a ta has b e e n co lle cte d to w a rra n t a p r e lim in a r y de scriptiv e re p o rt.
D a t a w ere re c o rd e d fr o m p la n ts g ro w in g b o th in the w ild a n d in c u ltiv a tio n . N o te s w ere m a d e o f the p o s itio n o f pe tals o n e h o u r b e fo re su nrise, six h o u rs a fter su nrise, ju st b e fo re sunset a n d fin a lly , o n e h o u r a fter sunset. T h e m a jo r ity o f the species stu d ie d w ere g ro w in g in o p e n c u ltiv a tio n in order-beds at the R o y a l B o ta n ic G a r d e n s , K e w , a n d w ere o b serv ed in tw o d iffe re n t s u m m e rs , 1978 a n d
1979. T h e re m a in in g o b se rv atio n s w ere m a d e o n p la n ts g ro w in g in the w ild in C a n a d a , G r e a t B r ita in , F ra n c e , S w itz e r la n d , Ita ly , G re e c e , th e C a n a r y Islan d s a n d in so u th e rn A fr ic a . O n ly th e m o v e m e n ts o f lig u la te florets w ere re c o rd e d , a n d care was ta k e n to a v o id o ld e r flow ers as in these so m e pe tals b e g in to a d o p t senescent p o sitio n s w h ic h are o fte n q u ite d iffe re n t fr o m the n ig h t p o sitio n s.
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T h e m o v e m e n t o f lig u la te florets to w ard s th e ir n ig h t p o s itio n begins ju s t b e fo re o r ju s t a fte r sunset a n d m a y tak e o n e q u a r te r o f a n h o u r to three h o u rs to c o m p le te . L ik e w is e , th e ir re tu rn to th e d a y lig h t p o s itio n occurs p r e d o m in a n tly a fte r su nrise, o fte n as late as m id -m o rn in g .
A lt h o u g h seven d iffe re n t n ig h t p o s itio n s have b e e n fo u n d (F ig . 1 .1 -1.7) a n d T h e three c o m m o n e s t n ig h t p o s itio n s are n u m bers 1, 2, 4 a n d 5 respe ctive ly (T a b le 1 .). P o s itio n 2 is sig n ific a n tly m o re w id e sp re a d th a n an y o th e r p o s itio n a n d occurs in th e trib es A n t h e m id e a e , A r c to te a e , A s te re a e , In u le a e a n d L a c tu c e a e . S o m e tribes a p p e a r to be c h a ra te riz e d by a single p o s itio n , fo r e x a m p le , p o s itio n 2 in th e L a c tu c e a e , A r c to te a e , C y n a re a e a n d C a le n d u le a e , w he reas in o th e r trib es such as th e A n t h e m id e a e a n d th e H e lia n th e a e three to fiv e p o s itio n s m a y be a d o p te d .
B r o a d ly s p e a k in g , each ge nu s a p p e ars to h av e a d e fin ite a n d characte ristic n ig h t p o s itio n . E x c e p tio n s are Argyranthemum, Chrysanthemum a n d Erigeron w h ic h all h av e tw o types o f n ig h t p o sitio n s . N o species h av e b e e n fo u n d w h ic h a d o p ts m o re th a n o n e n ig h t p o s itio n .
D IS C U S S IO N A N D C O N C L U S IO N S
T h e in v o lu c re is p e rh a p s th e m o st im p o r ta n t o rg a n o f th e c a p itu lu m th a t m o v e s in response to in te r n a l a n d ex te rn al s tim u li. B u r tt (1977) lists five fu n c tio n s o f the in v o lu c re w h ic h , if co n sid e re d e c o lo g ic a lly , all in v o lv e a n th o k in e sis . T hese in c lu d e the p ro te c tio n o f y o u n g flo w e rs, the p ro te c tio n o f m a tu re flow ers at n ig h t o r d u r in g in c le m e n t w e a th e r, the a ttra c tio n o f p o llin a to r s , the p ro te c tio n o f d e v e lo p in g fru its, a n d the release o f ripe a c hen es, o r th e ir e n clo su re a n d dispersal as a u n it.
T h e second m ost o b v io u s o rg a n th a t is an tho k inetic is th e c o ro lla . A s we h av e seen these m o v e m e n ts are m o st p r o n o u n c e d in lig u la te co rollas. A lt h o u g h these are o fte n s y n c h ro n o u s w ith in v o lu c ra l m o v e m e n ts , they u su a lly o c c u r at n ig h t o r d u r in g the day u n d e r ce rtain e n v ir o n m e n ta l c o n d itio n s . It is p e rh ap s sig n ific a n t th a t those c a p itu la w h ic h have w e a k o p e n in g a n d tig h t closure o f the flo w e rs, w hereas in som e o f th e C a le n d u le a e th e p e ta l m o v e m e n ts are m o re d o m in a n t . L ig u la te pe tals also h e lp in the a ttra c tio n o f p o llin a to r s , in th e ir o w n rig h t, o r by ex po sin g o r c a m o u fla g in g th e U V -a b s o rb e n t disc florets.
S u c h day-tim e m o v e m e n ts m a y h av e p ara lle ls w ith the n ig h t m o v e m e n ts . Is it po ssible th a t P o sitio n s 3, 6, 7 m a y be in v o lv e d w ith m o th v is ita tio n ? A d o m in a n t fe a tu re o f m a n y A ste ra c e a e are th e ir b rig h tly c o lo u r e d flow ers o fte n o f in ten se y e llo w a n d o ra n g e hue s. Is it po ssible th a t th e lig u la te florets o f these co lo u rs are w a r n in g devices a g ain st h e rb iv o re s a n d n o t as is g e n e rally ac c e p te d , a ttra c ta n ts fo r p o llin a to r s ? C a n th e y be a c o m b in a tio n o f b o th ? A n d w h a t a b o u t th e d e e p p u r p lin g o fte n prese nt o n the u n d e rs u rfa c e ? D o e s this assist in c a m o u fla g e w h e n the flo w e r is clo se d ? H a s it a p ro te ctiv e role in p r e v e n tin g d a m a g e by U V -ra d ia tio n ? In v o lu c re s m a y also be b r ig h tly c o lo u re d a n d /o r d e e p ly p u r p le o n th e ir o u te r surfaces a n d so h av e s im ila r attrac tiv e a n d /o r p ro te c tiv e roles.
T hese few o b se rv a tio n s a n d c o m p a ris o n s b e tw e e n the in v o lu c re a n d lig u la te florets suggest th a t o n ly ca re fu l o b se rv a tio n s th a t d is c rim in a te h o w a n d w h a t fu n c tio n s are sh ifte d fr o m o n e o rg a n to a n o th e r w ill be u se fu l in d r a w in g g e n e ra liz a tio n s o f b io lo g ic a l sig nifican ce . D iffe re n c e s b e tw e e n the d a y a n d n ig h t p o sitio n s o f lig u la te florets stron gly suggest th a t th e da y p o sitio n s are re la te d m o r e closely to h e rb iv o re a v o id a n c e , p o llin a to r a ttra c tio n a n d p ro te c tio n ag ain st in c le m e n t w e a th e r. T h e c o m m o n p h e n o m e n o n o f sun-tracking , c o n s id e re d to g e th e r w ith th e d u s k a n d d a w n m o v e m e n ts , stro n g ly im p lic a te lig h t a n d te m p e ra tu re as p r im e causal s tim u li. B a a g o e (1977) has re m a r k e d p a r tic u la rly o n th e c o n s ta n t o ccu rren ce o f h ig h ly s p e c ialize d lig u le e p id e rm is types w ith in d iffe re n t tax a a n d suggests th a t th e y m u st be 'g e n e tica lly fix ed fu n c tio n a l a d a p ta tio n s ra th e r th a n o n to g e n e tic a lly d e v e lo p e d s tru c tu ra l A chillea 2 A n acyclu s 1 A n th e m is 3 A rg y ra n th e m u m 4 1 C h ry s a n th e m u m 8 L e u c a n th e m u m 2 Ursinia 1 
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seem to be g r o u n d fo r fu rth e r in v e s tig a tio n , p a rtic u la rly w ith respect to d iu r n a l m o v e m e n ts , n o t rec o rd e d h e re , b u t w h ic h are esse ntially the sam e as n o c tu r n a l m o v e m e n ts a n d u su a lly c o rre la te d to lo w pe rio d s o f p o llin a to r fo ra g in g . T h e p o ssib ility th a t those daisies w h ic h re m a in o p e n at n ig h t c o u ld be m o th p o llin a te d s h o u ld sim ila rly be in v e stig ate d . 
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